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A large number of dermal cells engaged in collagen 
phagocytosis were observed in a case of multicentric 
reticulohistiocytosis. These cells apparently start to en-
gulf collagen by deep invaginations of the plasma mem-
brane. 
F usion of. phagosomes containing t h e engulfed colla-
gen with vesicles probably originating from the Golgi 
apparatu s would give rise to secondary lyso s omes. The 
process of collagen degradation leads to the appearance 
of fine fibrils and myelin bodies. The presence in the 
dermis of unusually thick collagen fibers might contrib-
ute to this process which appears to occur only under 
particular physiological and pathological conditions. 
In recent years t here has been considerable interest in the 
role of fibroblasts and macrophages with respect to their ability 
to phagocytose collagen. Fibroblasts appear to be the most 
involved cells in the resorption of collagen during its turnover, 
at least in some t issues such as the periodontal ligament [1-3] 
and gums [4,5]. The involvement of macrophages in collagen 
phagocytosis has been demonstrated in the involuting mouse 
uterus [6] and in the catagen hair follicle [7]. 
In some pathological conditions of the skin such as epider-
molysis bullosa [8], xa nthogranuloma [9] and erythema croni-
cum migrans [10]; collagen fibers have been occasionally re-
ported in t~e cytoplasm of cells which appeared to be macro-
phages. 
During ari investigation on the ultrastructure of histiocyto-
pathies, we were able to observe a marked increase of cells 
containing in tact and degraded membrane cytosegregated col-
lagen fibers in a case of multicentric reticu lohistiocytosis . The 
purpose of this paper is to illustrate the ul trastructural steps of 
collagen phagocytosis in this disease, a nd to discuss the signif-
icance of t his phenomenon. 
MATERIALS AND METHODS 
. Biopsies of cutaneous and mucous lesions were obtained from a 
typical case of mu lticentric reticulohistiocytosis. Small fragments fro m 
each specimen were fixed in ice-cold, phosphate-buffered osmium te-
troxide [I I] [or 3 hr, dehydrated in graded ethanol solutions, transferred 
to propylene oxide and embedded in Epon 812 [12]. Sections were cut 
with an LKB Ultratome microtome, sta ined with uranyl acetate and 
lead citrate [13] and observed with a Philips EM 400 electron micro-
scope. 
RESULTS 
T he ul trastructural examination of the sections of the differ-
ent specimens showed in all lesions the infiltrate basically 
consisted of' 2 kinds of cells: one conta ining the so-called pleio-
morphic cytoplasmic inclusions [14-16], and the oth er contain-
ing collagen fibers and myelin bodies. Since the fiJ'st type of 
cells has already been carefully studied [14- 16], we focused our 
attention on the cells with interiorized coUagen fibers. 
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At low magnification (Fig 1), these cells exhibi t a round or 
oval nucleus and a large cytoplasm. The cytoplasm is rich in 
both smooth and rough endoplasmic reticulum, mitochondria, 
lysosomes, polysomes and 70 A thick micro filaments. It also 
contains a variable number of differently oriented collagen 
fibers (Fig 2) and of myelin bodies (Fig 1 and 2). 
The individual intracellular collagen fibers demonstrate pe-
r iodic bandings, whose repeating intervals measure between 
640 and 700 A (Fig 2- 5); the diameter of these fibers varies from 
700 to 2500 A. 
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F I G l. Co Llagenophagic cell at low magnification. The cytoplasm is 
rich in smooth and rough endoplasmic reticulum, mitochondria, dense 
and myelin bodies. T he arrows show the interiorized collagen fibers. 
Scale bar: 1/l (reduced from X 18,000). 
FIG 2. Portion of a coLl agenophagic cell showing many interiorized 
collagen libel'S surrounded by a membrane. The variously oriented 
collagen fibers ex.hibit their typical periodic bandings. Note cytoplasmic 
microfilaments and strongly osmiophilic myelin figures. Scale bar: IlL 
(reduced fTom X 42,000). 
The interiorized collagen fibers, either discrete or clumped 
into clusters (Fig 2) ar e invariably segregated by a membrane 
(Fig 2- 6), which may also contain fine fibrils 50/70 A in diam-
eter (Fig 3-5) , vesicles (Fig 4) and membranes exhibiting a 
myelin-like distribution (Fig 3, 6) . The fin e fibrils appear to 
originate from the flaking of collagen fibers (Fig 5). In some 
instances, the myelin-like membranes seem to be sepal'ated 
from the collagen fibers (Fig 3) while in other cases they encase 
and almost mask portions of the fibers (Fig 6). Some cells show 
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FIG 3. Interiorized coUagen fibers segregated by a membrane. In this vacuole ' 50 A thick fibrils and myelin-like arranged membranes, 
apparently separated from the collagen fibers, can also be seen. Scale bar: 0.1 Jl (x 120,000). 
FIG 4. Interiorized collagen fibers segregated by a membrane. In this stage of collagen degradation many fibrils and vesicles can be seen. Scale 
bar: 0.5 Jl (x 48,000). 
FIG 5. Interiorized collagen fibers segregated by a membrane. The collagen fibers appear to flake into fine fibrils . Scale bar: 0.5 Jl (x 62,000). 
FIG 6. Interiorized collagen fibers segregated by a membrane. The collagen fibers are ulTounded by electron dense membranes exhibi ting a 
myelin-like structure. Scale bar: 0.5 Jl (X 62,000). 
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F IG 7. Port ion of a collagenophagic 'cell showing collagen fibers in a deep info lding of the plasma membrane. Attached to the cell membrane 
sheaths enclosing the collagen fibers, many vesicles can be found (-+). Scale bar: Iii (x 38,000) . 
F IG 8. Peripheral portion of a collagenophagic cell showing many transversally cut infoldings, appearing as vacuoles containing collagen fibers. 
Scale bar: 0.5 Ii (x 58,000). 
FIG 9. Peripheral portion of a collagenophagic cell exhibiting a fully in teriorized collagen fiber which appears to protrude from the cytoplasm. 
Sca le bar: 0.5 Ii (x 62,000). 
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many myelin figures scattered around the cytoplasm, which are 
apparently independent of collagen fibers (Fig 1 and 2). 
Collagenophagic cells often display collagen fibers in deep 
folds of the cell membrane (Fig 7). In cross section, these 
infoldings appear as vacuoles containing one or more collagen 
fibers, arranged at the periphery of the cell (Fig 8). Vesicles can 
be found, attached to the cell membrane sheaths enclosing 
collagen fibers (Fig 7). Occasionally, fully interiorized collagen 
fibers appear to herniate from the cytoplasm, formi ng typical 
protrusions (Fig 9). 
In certain areas of the dermis, in addition to collagen fibers 
with a normal diameter (between 750 and 1300 A) th ere are 
many exhibit ing a much wider diameter (up to 3000 A) (Fig 
10). However , in longitudinal sections, these larger fibers show 
the typical periodicity. 
DISCUSSION 
Under both normal and pathological conditions, in the cyto-
plasm of the macrophages of the dermis, a variety of structmes 
of different appearance can be often detected, which are the 
expression of the phagocytic activity of these cells; on the 
contrary, sequestered collagen fibers have been very rarely 
reported [7-10]. 
T h e presence of abundant smooth endoplasmic reticulum, 
lysosomes and phagosomes and the lack of extensive rough 
endoplasmic reticulum in most collagenophagic cells points to 
their belonging to the line of mononuclear phagocytes rather 
than of fibroblasts. However, it can not be r uled out that the 
cells undergoing phagocytic activity a nd containing a strongly 
developed endoplasmic reticulum are fibroblasts. Actually in 
some cases [17] it is yet unclear whether the fibroblast gained 
the phagocytic ability or the histiocyte became fibroblastic. 
As already reported with regard to fibroblasts [3,18] these 
collagenophagic cells would apparently start to engulf collagen 
with the formation of deep invaginations of the plasma mem-
brane. The microfIlament system involved in cell locomotion 
might be responsible also for this process [3] and therefore for 
the capturing of collagen fibers by the cell body. The collagen 
fibers interiorized in t his manner could be considered to be 
segregated by the cytoplasm from nearby extracellular fibers. 
The fusion of the membranes surrounding the ingested collagen 
fibers with vesicles probably originating from the Golgi appa-
F IG 10. In the dermis, areas can be seen where the transverse ly, cut 
coUagen fibers exh ibi t an unusua l diameter (up to 3000 A). Scale bar: 
1 f.l (X 32,000). 
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ratus would trigger a process of enzymatic degradation and 
would lead to the formation of secondary lysosomes. In these 
secondary lysosomes a series of stages can be identified ranging 
from those containing apparently intact collagen fibers exhibit-
ing the characteristic banding, to those containing structmes 
presumably derived from collagen dissolution. 
The degradation of collagen fibers is revealed morphologi-
cally by the appearance of fme fibrils 50-70 A in diameter and 
myelin-like structmes. The fine fibrils, apparently derived from 
the flaking of collagen fibers, might represent the Ruthenium 
red-positive fIlaments formed by linear aggregations of glyco-
proteins and proteoglycans interconnecting collagen fibers 
[19]. As observed in the involuting rat uterus [6], after the 
ingestion of collagen, macro phages become loaded with numer-
ous myelin figmes, probably representing the ingested end 
product of collagen breakdown stored by the cell [6] or degraded 
remains of membranous structmes. 
The ability to phagocytose collagen does not appear to be 
unique to macrophages and fibroblasts, but is shared also by 
osteoclasts and endothelial cells [6]. However, nothing is known 
about factors that affect and regulate the rate of collagen 
phagocytosis and degradation [20]. 
Fibroblasts exhibit this ability especially in tissues with a 
high collagen tumover [1,5] and, according to Svoboda, 
Melcher, and Brunette [20] a decreased local availability of 
amino acids could influence phagocytosis of collagen. 
T he significance of such a large number of collagenophagic 
cells in multicentric reticulohistiocytoma remains obscure, on 
the basis of ultrastructural findings only. In addition, it will 
have to be established whether the phenomenon of collagen 
phagocytosis, not observed in previously studied cases [14,16] 
is an exceptional finding, or a significant step in the pathogen-
esis of this disease. In our opinion, the only morphological 
finding worth emphasizing is the presence in the dermis of our 
patient of collagen fibers of unusual thickness, which might 
make these structures susceptible to being attacked by macro-
phages. Since many diseases entail a m:uked modification of 
collagen fibers without the presence of collagenophagic cells, 
this phenomenon may reasonably be assumed to be brought 
about by unknown modifications of collagen or by a decreased 
local availability of amino acids to cells "in vivo" resulting from 
changes in blood supply [20], which can take place only under 
given physiological (catagen follicle [7]) or pathological condi-
tions. 
T he authors ru'e greatly indebted to Dr. Robin Eady who made many 
helpful suggestions dUJ'ing the preparation of the manuscript. The 
technical help of P . Tine ll i and F. Crippa is gratefu lly acknowledged. 
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Announcement 
An ~nternational Symposium sponsored by the European Society for Dermatological Research, on the 
Stratum Corneum, will be held at the Welsh National School of M edicine, Heath Park, Cardiff, October 
. 29-31, 1981. The meeting will include invited lectures, free communications and poster papers. Abstracts 
.should be submitted by June 26, 1981 in the style as submitted to the European Society for Dermatological 
Research. We believe this symposium will be of importance for dermatologists, toxicologists, cosmetic 
scientists, the pharmaceutical industry and others interested in skin biology. The organizing committee 
includes Prof. R. Marks, Professor of Dermatology, Welsh National School of Medicine, H eath Park, 
Cardiff, CF4 4XN, and Dr. G. Plewig, Dermatologische Universitatskiinik, FrauenlobstraBe 9-11, D-8000 
Munchen 2. Further information can be obtained by contacting Prof. R. Marks. 
